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NOTICE TO
FLOOD INSURANCE STUDY USERS

Communities participating in the Nationatl Flood 1Insurance Program have
éstablished repositories of flood hazard data for floadplain management and flood
insurance purposes. This Flood TInsurance Study may nat contain all data
available within the repository, it is advisable to contact the community
repository for any additional data.

This publication incorporates revisions to the original Flood Insurance Study.
These revisions are presented in Seclion 9.0.
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FLOOD INSURANCE STUDY
NAVAJO COUNTY, ARIZONA UNINCORPORATED AREAS

INTRODUCTTON

Purpose of 3Study

This Flood Insurance Study (FIS) investigates the existence and
severity of flood hazards in the unincorporated arcas of Navajo
County, Arizona, and aids in the administration of the Naticnal Flood
Insurance Act of 1968 and the Flood Disaster Protection Act of 1973,
This study will be used to convert Navajo County to the regqular
program of flood insurance by the Federal Emergency Management Agency
{(FEMA) . Local and regional planners will use this study in their
efforts to promote sound floodplain management .

In some States or communities, floodplain management criteria or
regulalions may exist that are more restrictive or comprehensive than
those on which these federally supported studies are based. These
criteria take precedence over the minimum Federal criteria for
purposes of regulating develcpment in the floodplain, as set forth in
the Code of Federal Regulations at 24 CFR, 1910.1(d). 1In such cases,
however, it shall be understood that the State (or other
jurisdictional agency) shall be able to explain these requirements
and criteria.

Authority and Acknowledgments

The source of authority for this FIS is the Hational Fleod Insurance
Act of 1968, as amended.

The hydrologic and hydraulic analyses for this study were perfarmed
by Cella, Barr Associates, for FEMA, under Contract No. H—4607. This
work, which was completed in August 1980, covered all significant
flooding sources affecting Navajo County.

Coordination

The Consultation Coordination OCfficer (CCO), appointed by TFEMA,
organized the first community meeting held on August 8, 1977. This
meeting, attended by representatives of Navajo County, FEMA, and the
Study Contractor (SC), was held to explain the nature and purposs of
the FIS.

The Arizona Water Commission scrved as the State coordinating agency
for this study.
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Contact was malntained during the course of this study with the
U.5. Geological Survey (USGS), the U.S. Army Corps of Engineers,
(ISACE), the TU.3. Scil Conservation Service {5C5), the Arizona
Department of Transportaticon (ADOT), the Director of the Navajo
County Engineering Department, and the Navajo County Planning and
Zeoning Administrator.

On July 24, 1980, the results of this study were reviewsd at an
intermediate/final CCO meeting which was attended by representatives
of Nawvaje County, FEMA, and the S§C,. No changes were made to the
study as a result of this meeling.

AREA STUDIED

2.1

Scope of Study

This FIS covers the unincorporated areas of Navajo County, Arizona.
The area of study i1s shown on the Vicinity Map (Figure 1).

Areas not included in this study are the incorporated Cities of
Winslow, Holbrook, and Show Low and the Towns of Taylor and
Snowflake. Also not included are the Navajo, Hopi, and Fort Apache
Indian Reservations and the Navajo—Hopi Joint Use Area.

The following streams were studied by detailed methods: Billy Creek

(near Lakeside); Black Canyon Wash {neatr Heber); Buckskin Wash (ncar
Heber); Little Colorade River {near Holbrook, Winslow, and Woodruff);
Pinedalc Wash (near Pinedale); Porter Canyon Draw (near Holbrook);
Show Low Creek (near Show Low); Silver Creek (near Show Low and
Shumway}; Town Wash {(near Clay Springs); Walnut Gulch Creek (near
Pinetop): and Whiting Creek (near Iolkrock). Various other streams

" threughout the county were studied by approximate methods.

Those areas studied by detailed methods were chosen with
consideration given t¢ all proposed construction and forecasted
development through 1985,

Approximate analyses were used to study those areas having a low
development potential or minimal fleod hazards. The scope and methods
of study were proposed to and agreed upon by FEMA and Navajo County.

Community Description

Navajo County is in northeastern Arizona. It is approximalely
212 milcs long and 47 miles wide. A é-mile—wide strip borders Apache
County for an additional 30 miles in the southeast corner. Navajo
County is bordered to the north by San Juan County, Utah;



to the south by Gila and Graham Counties; to the east by A&Apache
County; and to the west by Coconino County. Total area of the county
is approximately 6,343,400 acres, or 9,910 square miles. Holbrook,
the county scat, is 150 miles northeast of Phoenix. The other large
towns arc Show Low, Winslow, and Snowflake. The 1970 population of
the county was approximately 47,560; the 1978 population estimate was
71,000 {(Reference 1}). The major growth areas include
Snowflake-Taylor, Show Low, and the unincorporated resort areas of
Pinetop and Lakeside. Land cwnership and administration in 1970 were
as follows: individual and corporate, 1,194,000 acres; State,
327,000; national forests, 488,000; Bureau of Land Management,
97,000; Natlonal Park Service, 23,000; and Indian trust, 4,214,000.

The highest elevations within the county are approximately 7,000 to
8,300 feet on the Black Mesa in the northern part of the county and
6,500 to 7,500 feet along the Mogollon Rim in the southern part of
the county. The lowest point is approximately 4,800 feet, north of
Winslow. The Little Colorado River network drains all but the
extreme southern and northern parts cf the county. The physiography
ef the county consists of slightly to strongly dissected high plains
underlain predominantly by sandstone and shale bedrock. An area in
the extreme southern tip of the county and another north of Pinetop
are dominated by basaltic rocks. A third area, lying approximately
50 miles north of Holbrook, is also dominated by volcanic materials
consisting of basall—capped mesas, cinder cones, and exposed volcanic
necks. Approximately 18 percent of the county consists of strongly
dissected Badlands and rough hioken lands in shaly malerials that
centribute  large amounts of sediment to the drainage system
(Referance 2). Annual precipitation ranges from approximately
8 inches near Winslow to 30 inches or more along the Mogollon Rim.
The wegetation types are strongly influenced by the amount of
precipitation. Cover on the Black Mesa is generally pinyon pine and
juniper with an understory of brush and grasses. In the lower, drier
sites, the vegetation is sparse stands of brush and short grasses.
Farther south, appreoaching the Mogellon Rim, vegetation again is
pinvon, Jjuniper, brush, and grass, with Ponderosa Pine forests in the
zones of higher precipitaticon and elevation along the Mogcllon Rim,
Concentrated development within flood hazard areas has occurrad only
in the vicinity of the communities of Holbrook and Winslow along the
Little Colorado River.

. Winslow Area. Several homes have been constructed within
the floodplain areas of the Little Colorado River outside
the corpeorate limits of Winslow. Winslow is located along
the western Dborder of Navajo County and is situated
approximately 35 miles east of Flagstaff along Interstate
Highway 40 (I-40). The vegetation surrounding the community
consists mostly of sparse desert brush and small shrubs.
The climate 1s basically warm and scmiarid., The principal
rainy season is midsummer, generally beginning in June and
continuing through September. Soils of the regicn arc
clasgsified as Type C indicating slow infiltration rates when
thoroughly wetted (Reference 2).



Holbrook Area. The Little Colorade River and 1its major
tributary, Lhe Puerco River, drain an area of approximately
11,300 sqgquare miles above Holbrook, Elevations within the
drainage area range from 11,500 feet at ML. Baldy southwest of
Springerville to Just under 5,100 feet at Holbrook. The
Holbrook study area lies in a shallow desert wvalley. Except
for tlarge trees and shrubs associated with the riparian
community, the wegetation is sparse, with grasses and small

shrubs dominating the area. The climate is similar to that of
Winslow, warm and semiarid with normal annual precipitation
averaging 8 inches. Soils of the region are classified as
Type C with a slow infiltration rate {Reference 2). Holbrook

is an important trading center at the junction of several
transportation lines in additicen to being a service center for
travelers and surrcunding ranches and farms. Ik is the
Navajc County seal. The econvmy of the region 1s based on
Federal, State, and local government agencies; wholesale and
retail trade; light manufacturing; and retail services.

Woodruff. The unincorporated community of Woodruff is located
approximately 15 miles southeast of Holbrook off EState
Highway 77 (SH 77). HNo population statistics are available for
the Woeodruff area; however, it 1i1s estimated that fewer than
100 people comprise this community. The elevation at Woodruff
is approximately 5,700 feet. Woodruff is located within the
high desert areas of northern &arizona. The surrounding
vegelation 1s comprised mostly of sparse grasses and small
shrubs. The climate, topography, and solls are very similar to
the Holbrook area. The Little Colorado River is the major
river system passing through the community. At Weodruff, the
Little Colorado River is <characterized by a highly incised
stream channel with relatively narrow floodplain widths.
Historically, flooding along the river has presented very few
problems.

Shumway . The small unincorporated community of Shumway is
located approximately 5 miles scuth of the Town of Taylor along
SH 77. No population information is available for Shumway;
however, 1t is estimated that fewer than 100 people comprise
this community. Shumway 1is located within a transition =zone
between the high plateau deserts and the White Mountain pine
forest. The surrounding vegetation 1s characteristically
Jjuniper and grasslands. Climate of the area is basically warm
and semiarid; however, winter temperatures drop significantly.
Mean daytime temperatures during the winter months average
45°F. The mean annual precipitation is approximately 10 inches

at Shumway. Soils of the area are Type C with a low
infiltration capacity (Reference 2). The community of Shumway
Silver Creek, one of the major <tributaries to the Little
Colorado River. . Historical floodflow records indicate several

large-magnitude flows along Silver Creek during the recent
past. Several homes have been constructed near the floodplain
fringes of Silver Creek; however, little damage has occurred
during historical floodflows.



Lakeside—Pinetop. The unincorporated communities of Lakeside
and Pinetop are located approximately 1% miles south of the
City of Show Low on State Highway 260 (8H 260). The climate in
this arca is basically that of the coecler mountainous regions
of northcrn Arizona. Normal annual precipitation s
approximately 21 inches. The principal precipitation is in the
form of snow during the winter menths. The surrounding
vegetation 1is predominantly Ponderosa Pine forest. Scils in
the area are Type B with moderate infiltration ratcs when
theroughly wetted (Reference 2). The principal stream systems
near Lakeside and Pinetop are Billy Creek and Walnut Gulch
Creek, respectively. The communities of Lakeside and Pinetop
have relatively few significant floeoding problems. Many of the
stream channels in this area are highly incised and contained

within well defined limits. In 1970, the combined population
of these communities WAS approximately 2,600, The
1978 population estimate for the Lakeside-Pinetop area was
4,800 (Referénce 1). Recent population increases and the

pressurce for land development have resulted in some homes being
constructed within the flood hazard arecas of local washes.

Pinedale—Clay Springs. The unincorporated communitics of
Pinedale and Clay Springs are located approximately 15 miles
west of the City of Show Low along SH 260. No population

information is available for the c¢ommunities of Pinedale and
Clay Springs; however, it 1s estimated that thelr combined

population 1is approximately 200 people. FPinedale and Clay
Springs are within the high mountainous regions of northern
Arizona. The surrounding vegetation is mostly Ponderosa Pine,
with some Juniper. The climate of the area is cool; daytime
summer temperatures average FVAST and daytime winter
temperatures average 40°F.  Solls of the area are comprised of
Type B with moderate infiltration rates (Reference 2). The
principal stream system near the community of Pinedale 1is
Pinedale Wash. At the time of this study, no homes or

businesses had been constructed within the floodplain areas of
this wash. The principal stream channel through the community
¢f Clay Springs is Town Wash, a small mountain stream with a
basin area of approximately 3.5 square miles. Some homes have
been constructed within the f{loodplaln areas of Town Wash;
however, histcrically, flooding has created very few problems.

Heber. ''he unincorporated community of Heber is located
approximately 45 miles west of the City of Show Tow aon SH 260.
The 1970 population for this community was 1,100. 'the 1978

population estimate for the Heber area was 1,350 (Reference 1).
Heber is located within the high mountainous regions of
northern Arizona. The surrounding vegetation is comprised of
Pondercosa Pine forest. The average annual precipitation is
approximately 23 inches. The principal precipitation is in the
form of snow during the winter months. Soils o¢f the area are

Type B with moderate infiltration rates (Referesnce 2}. The
community of Heber is located near the confluence of two major
washes, Buckskin Wash and Black Canyon Wash. These stream

channels are relatively well incised and, as a result, feow
homes have been constructed within extreme flood hazard areas.



Principal Fleod Problems

A brief outline of the particular flooding problems of each community
was provided in Secticn 2.2 (above) o©f this report. With the
exception of those developments within the floodplain areas of the
Little Colerado River adjacent to the City of Winslow, the f{looding
problems in these communities are relatively wmilnor. Near Winslow,
several homes within the Bushman Acres and Bmes Acres subdivisions
were constructed within the flood harzard areas of the Little Colorado
River. These subdivisions experience flooding ¢uite frequently, as
most of these homes are within the 10-year floodplain of the Little
Colorade River. Historical floodflow receords for the Little Colorado
River indicate floodflow magnitudes between 19,700 cubic feet per
second (cfs) and 60,000 cfs between 1923 and 1%78, as recorded at the
USGS gage (No. 3970) at River Mile (RM) 189,89, These discharge
values have return periods of between 10 and 80 years, as determined
from stream-gage reccrds complled by the USACE and their subsequent
floodflow frequency analysis (Reference 3)

Historical floocdfleow data for the Little Colorado River at Holbrook
are as follows:

Date Annual Peak Discharge {cfs}
September 19, 1923 60, 000
October 4, 1969 24,200
August 5, 1957 21,800
August 12, 1968 21,000
September €&, 1970 19,700
October 1, 1971 20,300



Figures 2 through 7 are phectographs of the December 1978 flood of the
Little Celorado River at Winslow. The December 1923 flood was the
maximum flood of record. The USGS doe not operate a stream gage at
Winslow; however, because of the severity of the Dccember 1978 flood,
a discharye of 57,500 cfs was computed for the Little Colorado River
from stream gages located on tributary channels (Clear Creek and
Chevelaon Creek) that generated most of that flow.

Because of the incised stream channel, flooding aleng the Little
Colorado River near Woodruff has presented very few problems to life
and property. The USGS operates a recording stream gage (NMo. 3945)
at RM 203.01 ncar Woodruff. The record of historical flcodflows at
this location is as fellows:

Date Annual Peak Discharge (cfs)
December 5, 1919 25,000
July 21, 1829 10,700
February 10, 1932 10,200
July 26, 1940 13,000
January 19, 1852 10,2006
December 19, 1978 9,320

Flood Protection Measures

Several flood-control structures have been constructed in Lhe Winslow
arez to ecliminate or reduce the magnitude of existing flecod hazards.
Approximately 0.25 mile north of the City of Winslow, Navajo County
has constructed a lcvee of varying cross-section dimensions alcng the
Little Colorado River. The construction of this levee has been
completed in varicus stages and is not on a set schedule, It does
not meet FEMA levee standards. The upstream limit of the levee is
approximately 1,000 feet north of the Interstate Highway 40 (I-40)
alignment. Thus, floodwater conveyed beneath the 1-40 bridge may
immediately enter the overbank area west of the Little Colorado River
channel alignment and inundate several residential, industrial, and
agricultural properties. In its present state, the county levee
appears to do very little, if anything, to protect residents of this
area from their existing flood hazards of greater than 5-year
frequency along the Tittle Coloradso River. This is evident by the
periodic flooding of lands west of the county levee during historical
floodflow cvents. The main purpose of the levee appears to be the
stabilization of the horizontal alignment of the Little Colorado
River channel. The highly erosive fine-grained soils of the area
have resulted in significant damage to property near the river during
historic events. In order to prevent this bank erosion, used cars
were tied together and placed on the east slope of the levee.



Figure 2. Major Levee Erosio Resulting From Floodwaters inm Little
Colorado River During December 1978
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Figure 2. Break in Existing Earth Levee Alang the West Side of Little
Colorado River, December 1978
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Figqure 4. Residential Flooding in Bushman Acres, December 1978

Figure 5, Street Flooding in Bushman Acres, December 1978
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Figure 6. Residential Flooding in Winslow Plaza, December 1978
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Figure 7. Flooding in Ames Acres, December 1978
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The USACE has constructed a flood-control levee along the Little
Colorade River abt Heolbrook. This structure has been in rlace since
1948. At that Lime, the levee was designed to protect Holbrook and
county lands north of the river from floods of up to 60,000 cofs
(approximately the 100—year I[louod). Because of scdiment bulidup an
the channel botfom, it is estimated that a flow of approximately
28,000 cts could overtop the levee and cause flooding in Holbrook.
No flooding has occurred north of the levee since it wag built;
however, no floods in excess of 28,000 cfs have occurred since its
construction.

No flood-control structures have been constructed in the communities
of Woodruff, Shumway, Lakeside, Pinetop, Pinedale, Clay Springs, or
Heber for the purpose of eliminating or reducing the magnitude of
exisling flood hazards.

County officials intend to adopt an ordinance to delineate areas of
flocd hazard or to prohibit development in flood hazard areas based
on the results of this FIS. No other floodplain management measures
exist.

ENGINEERING METHODS

For the flooding sources studied in detail in the county, standard
hydrologic and hydraulic study methods were used to determine the flood
hazard data required for this study. Flood events of a magnitude that are
expected to be egualed or cxceeded cnce on the average during any 10-, 50-,
100—-, or 500—year periocd (recurrcnce interval) have been selected as having
special significance for floocdplain management and for flood insurance

premium rates. These events, commonly termed the 10—, 50—, 100—, and
500-year floods, have a 10-, 2-, 1-, and 0.2-percent chance, respectively,
of being egualed or exceeded during any vyear, Although the recurrence

interval represents the long-term, average pcriod between floods of a
specific magnitude, rare floods could ocdur at short intervals or even
within the same year. The risk of experiencing a rare flood increases when
pericds greater than 1 year are considered, For example, the risk of
having a flood that equals or exceeds the 100—y=ar flood (1-percent chance
of annual occurrence) in any 50-year period is approximately 40 percent
{4 in 10}, and, for any 90-year period, the risk increases to appreximately

60 percent (6 in 10). The analyses reported here reflect £flooding
potentials based on conditions existing in the county at the time of
completion of this study. Maps and fiood elevaticns will be amended

periodically to reflect future changes.
3.1 Hydrologic Analyses

Hydrelogic analyses were carxried out to establish the peak
discharge-frequency relationships for floods of the selected
recurrence intervals for each flooding source studied in detail
affecting the county.

\
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Peak discharges established by the USACE were used for the Little
Colorade River near Winslow (Reference 4) and Holbrook (Reference 33,
Peak discharges for the Little Colorado River near Woodruff were
determined using Methods for Estimating the Mzgnitude and Freguency
of Floods in Arizona {Reference 5).

The determination of peak discharge values for Silver Creek utilized
flood data from four gaging slations. These gaging stations are
located on the Little Colorado River above Lyman Reservoir {(USGS gage
No. 384G, with 38 years of record): aleng Chevelon Creek below
Wildecat Canyon (USGS gage No. 3975, with 23 years of rccorxd); along
Silver Creek below the confluence with Coltonwood Wash (USGS gage
No. 3935, with 36 years of record); and on the Little Colorado River
at  Woodruff (USGS gage No. 3944, with 53 years of record) .
Historical floodflow data compiled at these gaging station locations
were used to compule a regional log—Pearson Type III {Reference 6)
frequency dislribution, This procedure was required because of the
paucity of local data.

Historical floodflow data compiled at the USGS gage No. (9-390500 at
Lakeside were wused to compute a regional log-Pearson Type IIZ
frequency distributicn for peak discharges for the lower reach of
Show Low Crecck below the approximate elevation of 6,340.

For the remaining detailed study streams, peak discharge values for
the various return periods were based on a floodflow frequency
analysis compiled by the §5C. The hydrologic analysis utilized
regional information, historical floodflow records from several
gaging stations in the region, and techniques presented in an ADOT
publication (Reference 5) and the 505 conputer pregram TR—20
{Reference 7).

Peak discharge values for streams studied by approximate methods were
developed on the basis of an average expocted discharge per acre from
the contributing basin areas. Floodplain boundaries were developed
from aerial photography {(Reference 8) and field surveys to define
topographic boundaries with specific consideration of expected flows.

Peak discharge—drainage area relationships for each flcoding source
studied in detail are shown in Table 1.

Hydraulic Analyses
Analyses of the hydraulic characteristics of the fleooding sources
studied in the community were carried ocut to provide estimates of the

elevations of floods of the selected recurrence intervals along each
of these flooding sources.

13
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Flood elevations for the streams studied by detailed methods were
determined using the USACE HEC-2 computer program for the computation
of water-surface profiles (Reference 9). In order to simulate the
character of stream channels and their adjacent overbanks, e¢ross
sections werc compiled using topographic maps at a scale of 1:2,400,
with a contour interval of 2 feet (References 10 and 11), for the
stream channels tc be studied by detailed methods. Stream channel
geometry used in this floodplain analysis was developed specifically
for this FIS. Asrial photogrammetric mecthods were used to compile
Lhe topographic maps of the stream channels and adjacent floodplain
areas for developing the cross-sectiocnal geometry (References 19
and 11).

Locations of selected cross sections used in the hydraulic analyses
are shown on the Flecod Profiles (Exhibit 1). For stream segments for
which a flocdway was computed {see Section 4.2}, selected
cross—section locations are alsc shown on the Flood Boundary and
Floodway Map (FBFM) (Exhibit 2)

Roughness factors {Manning’s “n”) used in hydraulic computalions were
chosen by engineering judgment and bhascd on field observations of the
streams and floodplain areas. A summary of the Manning’s “n” values
used for floodplain modeling of the streams studied in detail is
shown in Table 2. The dimensicns of structures that produce
backwater were identified through field measurements.

Starting water—surface elevations (WSELs) for the Little Colorado
River at Holbrook, Whiting Creek, and Porter Canyon Draw were
determined by normal—-depth calculations. Starting WSELs for all
other detailed study streams were determined by critical depth
calculations.

Flood prefiles were drawn showing computed WSELs to an accuracy of
0.5 foot for floods of the selected recurrence intervals (Exhibit 1).

The hydraulic analyses for this study were based on unobslructed
flow. The flood elevations shown on the profiles are thus considered
valid only if hydraulic structures remain unobstructed, cperate
properly, and do not fail.

Because of the shallow nalure of flooding along the downstream
porticon of Whiting Creek, no profile for it is shown in this study.

All elevations are referenced to the National Geodetic Vertical Datum

of 1929 (NGVD). Elevation reference marks {ERMs} used in the study
are shown on the maps.
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FLOODPLAIN MANAGEMENT APPLICATIONS

The WNational Flood Insurance Program (NI'IP] encourages State and local
governments to adopt sound flocdplain management programs. Tharefore, each
FIS includes a floodplain boundary map designed to assist communities in
developing sound floodplain managemcnt measures.

4,1 Floodplain Boundaries

In order to provide a national standard without regional
discrimination, the 100—year flood has been adopted by FEMA as the
base flood for purposes of floodplain management measures. The
500-year flood is employed to indicate additional areas of flood risk
in the community. For each stream studied in detail, the boundaries
of the 100— and 500-year floods have been delineated using the flood
elevations determined at each cross section; hetween cross sections,
the boundaries were interpolated using topographic maps at a scale of
1:2,400, with contour intervals of 2 and 4 feet (References 10
and 11, respectively).

The floodplain boundaries for approximate-study streams were
delineated using aerial photographs at a scale of 1:8,400
{Reference 8); topographic maps at a scale of 1:24,000, with contour
intervals of 10 feet (Reference 12) and 20 feet (Reference 13}, and
at a scale ol 1:62,500, with a contour interval of 40 feet
{Reference 14)}; visual approximations based on estimated runocff per
acre; topography; and field surveys.

In accordance with FEMA guidelines, areas of approximate flooding
less than 200 feet wide werese determined to be areas of minimal flood

hazard and were not delineated.

Approximate flood boundaries in some portions of the study area were
taken from the IFlood Hazard Boundary Map (FHBEM) (Reference 15).

Flood boundaries for the 100— and 500-year floods are shewn on the

FBFEM (Exhibit Z). In cases where the 100- and 500-year flood
boundaries are close tLogether, only the 100-year flood boundary has
been shown. Small areas within the flood boundaries may lie above

the flood elevations and are not subject to flooding; because of
limitations of the map scale, such areas are not shown.

4,2 Floodways
Encroachment on floodplains, such as artificial fill, reduces
flood-carrying capacity, increases the flood heights of streams, and

increases flood hazards in arcas beyond the encroachment itself. One
aspect of floodplain management invelves balancing the economic gain
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from floodplain development against the resulting increase in flood
hazard. For purposcs of the NFTP, the concepl of a flocdway is used
as a Loul to assist local communities in this aspect of floodplain
management. Under this concept, the area of the 100-year flood is
divided into a floodway and a floodway fringe. The floodway is the
channel of a stream plus any adjacent floodplain areas thal must be
kept free of encroachment in order that the 100-year flood may be
carried without substaanlial increases in flood heights. Minimum
standards cf FEMA limit such increases in flood heights to 1.0 feoot,
provided that hazardous velocities are nct produced. The floodways
in this report are presented to local agencies as minimum standards
that can be adopted or that can be used as a basis for additional
studies.

The floodways presentcd in this study were computed on the basis of
equal-conveyance reduction from each side of the floodplain, except
fer the Little Colorado River at Holbrook, where the USACE levee was
used as the encroachment linc on the north side of Lhe Little
Colorado River. This was compatible with the developmental
interests of Navajo Counly and the City of Holbrook. The results of
these computations were tabulated at selected cross sections for
each stream segment for which a floodway was computed {Table 3).

As shown on the FBFM (Exhibit 2}, the floodway widths were
determined at cross sections; batween cross sections, the boundaries
were interpolated. In cases where Lhe boundaries of the floodway
and the 100-year flood are either cleose together or ccllinear, only
the floodway boundary was shown.

An initial attempt to establish a floodway on the basis of a
1.0-foot increase in 100 - year WSEL criteria resulted in extreme
backwater problems with the excessive encroachments. It was,
therefore, necessary te limit the specified WSEL increases to less
than 1.0 foot.

The area between the floodway and the boundary of the 100-year flood
is termed the floodway fringe. The flcodway fringe thus encompasses
the portion of the floodplain that could be completely chstructed
without increasing the WSEL of the 100—year flood more than 1.0 foot
at any point. Typical relationships between the floodway and the
floodway fringe and their significance to floodplain development are
shown in Figure 8.
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II—‘v 100 YEAR FLOOD PLAIN 4>-|

FLOM v
| FLOOOWAY oy rlooDwavy ———m]a" LOPOWA
\ FRINGE FRINGE
STRE £t
CHANIE L

FLOCD ELEVATION WHEN
CONFINED WITHIN FLOODWAY

ErCRUGACHMENT

EMCROACHMENT

s N 7l
FLGOD ELEVATION
BEFQORE ENCROACHMENT
ON FLOGDPLAIN

AREA OF FLOOD PLAIN THAT COULD
8F USED FOR DEVELOPMENT g¥
RAISING GROUND

LINE AR 1S THE FLOOD ELEVATION BEFORE ENCROACHMENT,
LINE CD I5 THE FLOOD ELEVATION AFTER ENCROACHMENT.
*SURCHARGEISNOTTO EXCEED 1.0 FOOT (FEMA REQUIREMENT) OR LESSER AMOUNT IF SPECIFIED BY STATE.

Figure 8. Floodway Schematic

5.0 INSURANCE APPLICATION

In order to establish actuarial insurance ratecs, FEMA has developed a
process Lo transform the data from the engineering study into flood
insurance criteria. This process includes the determination of reaches,
Flood Hazard Factors (FHFs), and flood insurance zone designations for

cach flooding source studied in detail affecting Navajo County.

5.1 Reach Determinations

Reaches are defined as lengths of watercourses having relatively the
same flood hazard, based on Lhe average weighted difference in WSELs
between the 10— and 100-year floods., This difference dees nct have
a variation greater than that indicated in the following table for

more than 20 percent of the reach:

Average Difference Between

10— and 100-Year Floods Variatien
Less than 2 feet 0.5 foot
2 to 7 feet 1.0 foot
7.1 to 12 feet 2.0 feet
More than 12 feet 3.0 fest
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The locations of the reaches determined for the Iflooding sources
of Mavajo County are shown on the Floed Profiles (Exhibit 1) and
summarized in Table 4.

Flood Hazard Factors

The FHF is the FEMA device used to correlate flood information
with insurance rate tables. Correlations betwesan property
damage from floods and the FHE are used to set actuarial
insurance premium rate tables based on FHFs from 005 to 200.

"he FHEF for a reach is the average weighted difference between
the 10— and 100-year flood WSELs expressed to the nearest
0.5 foot, and shown as a three—digit cede. For example, 1f the
difference between WSELs of the 10— and 100—year floscds 1is
0.7 foot, the FHF is 005; if the difference i5 1.4 feet, the FHF
is 015; 1if the difference is 5.0 feet, the FHF is 050. When the
difference between the 10— and 100—year WSELs is greater than
10.0 feet, accuracy for the FHF 1s to the nearest fool.

Flood Insurance Zones

Aftcr the determination of reaches and their respective FHFs,
the entire unincorporated area of Navajo County was divided into
zones, each having a specific flood potential or hazard. Each
zone was assignaed one of the following [lood insurance 7zone
designations:

7.one A: Special Flood Hazard Areas (SFHAS)
inundated by the 100-yesar flood,
determined by approximate methods; no
Dase Flood Elevations (BFEs) shown or
FHFs determined.

Zone AH: SFHAs inundated by types of 1i0—year
shallow flooding where depths are
between 1.0 and 3.0 feet; BFEs are
shown, but no FHIs are determined.

Fones AZ—A&, A8-R1O0,

Alb, and Al7: SFHAs inundated by the 100-year
flood, determined by detailed
methods; BFEs shown, and Zones
subdlivided according to FHFs.

Zone B: Areas between the SFHAs &and the
limits of the 500—year flood,
including areas of the 500-year
floodplain that are protected from
the 100-year flood by dike, levee, cor
other water-control structure; also
areas subject Lo certain types of
100-year shallow flooding where
depths are less than 1.0 foot; and
areas subject to 100-year flocding
from sources with drainage areas less
than 1 sguare mnile. Zone B is not
subdivided.

Zone C: Areas of minimal flooding.
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6.

Q

The fiocod elevation differences, FHFs, flood insurance 2zones,
and BFFs for each flcoding source studied in detail 1In the
community are summarized in Table 4.

g}
i=9

Flood Insurance Rate Map Description

The Flood Insurance Rate Map (FIRM) for WNavaje County is, for

insurance purposes, the principal result of the FIS. This map
{published separately) contains the official delineation of
flood insurance zones and BFE lines. RFE lines show the

locations of the expected whole-foot WSELs of the Dbase
{100-year} flood. This map is developed in accordance with the
latest flood insurance map preparation guidelines published by
FEMA.

OTHER STUDIES

Other studies found for Navajo County include the USACE Floodplain
Information report entitled Little Colorado River, Vicinity of

Winslow, Navaijo County, Arizona {Reference 4}, and the USACE
Information Brochure entitled Alternative Proposals for Flood Control
and Allied Purposes, Little Colorado River, Holbrook, Arizona

{Reference 16)

The USACE also completed a preliminary hydrologic study of the Little

Colorado River at Holbrook (Reference 3. Flood elevation information
from that report was compared to the results of this FIS. The
profiles agreed to within 0.5 foot. The USACE report was prepared

primarily to evaluate eccnomic losses resulting from high-magnitude
flood events and was not fully compatible with the rcguirements of the
NEIP. Therefore, that information was not used in constructing
profiles for this study.

I'Ss were alsc prepared for the incorporated areas of the Cities of
Winslow, Holbrook, Show Law, and the Towns of Taylor and Snowflake
{References 17, 18, 19, 20, and 21, respectively) and the adjacent
unincorporated areas of Graham County, Apache County, and Coconinoc
County (References 22, 23, and 24, respectively). The results of
those studies will be in general agreement with this analysis.

Flood boundary delineations for this study supcrsede the FHEM
{Reference 15].

This study is authoritative for the purposcs of the NriP; data

presented hcrein either supersede or are compatible with all previous
determinations.

LOCATION QOF DATA

\

Information concerning the pertinent data used in the preparatiocn of
this study can be obtained by contacting FEMA, Regien TX, Federal
Insurance and Mitigation Administration, 1111 Broadway Street,
Suite 1200, Cakland, California 94607-4052.
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REVISICN DESCRIPTIONS

This section has been added to provide information regarding
significant revisions made since the original FI5 was printed. Future
revisions may be made that do not result in the republishing of the
FI3 report. To assure that any user is aware of all revisions, it is
advisable to contact the community repository of flood hazard data
located at the Fngineering Department, 100 kast Carter Drive,
Holbrook, Arizona Be0Z25.

9.1 First Revision

This study was revised on August 16, 1988, to incorporate
detailed flooding information for Rainbow Lake, which was
previously studied by approximate metheds. In addition, the
Town of Pinetop-lLakeside was incocrpeorated on July 24, 1%84, and
is now shown as an area not included on the Navaje County FIRM.
An FIS and FIRM were prepared for the town and became effective
on February 9, 1987. Walnut Creek Gulch, a portion of Billy
Creek, and a portion of Ralnbow Lake, which are within the Town
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of Pinetop-Lakeside, were removed from the Navajo County FIRM.
However, information concerning the Town of Pinetop-Lakeside and
Walnut Gulch Creek were not deleted from the Navajeo County FIS.

The flooding inlformation for Rainbow Lake 1is based on data
contained in a report entitled Final Drainage Report tor the
Shores at Rainbow Lake, Lakeside, Navajo County, Arizona
prepared by Collar, Williams, and White Engineering, Inc.,
Phoenix, Arizona, in March 1986 and revised in BApril 1984.
Based on Lhis report, the 100~ and 500-year flood elevations on
Rainbow Lake are 6712.8 and €714.0 feet NGVD, respectively.

The changes resulted in revisions to the Summary of Discharges
M -’

table, Manning’s n” vValues table, Floodway Data table, and
Flood Insurance Zone Data table.

The FIS and FIRM for the Town of Pinelop-Lakeside alsoc were
revised to reflect these changes.

Second Revision

This FIS was revised on September 30, 1892, to incorporate
detailed flooding information for the Little Colorado River,
Ruby Wash, Show Low Creek, and QOklahoma Flat Draw.

Authority and Acknowledgements

The hydraulic analyses for this study were prepared by 2AGK
Engineers, Inc., {AGK) the 8C, for FEMA, under Contract
No. EMW-89-C-02839, This work was completed in September 198%0.

Coordination

On August 9, 1988, an initial CCO meeting was held with
representatives of FEMBR, Navajo County, the Arizona Department
of Water Resources {(ADWR), the City of Show Low, and the SC.

As part of a data-collection site visit, a meeting with the
staff of Navajo County, the Cities of Winslow and Show Low, and
representatives of the 5C was held on June 7, 1989,

on March 10, 1992, the results of the study were reviewed at the
final CCO meeting. This meeting was attended by representatives
of Navajo County, the Cities of winslow and Show Low, the ADUWR,
FEMA, and the GC.

Scope of Study

For this restudy, riverine flooding of the following streams was
studied by detailed methods:

I,ittle Coloradoc River — From the Atchison, Topeka & Santa
Fe Railroad (ATSFRR) bridge to the nerth section line of
Sections 4 and 5, Township 19 North, Range 16 East;

Ruby Wash — From the ATSFRR bridge tco the north section
line of Township 19;

Show Low Creek — From immediately upstream of Show Low
lake to the southern corporate limit of the City of Show
Low; and

Okiahoma Flat Draw — From State Highway 260 to the

northern limits of the Pine Meadow Development.
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The scope and methods of study were proposed to and agreed upon
by representatives of FEMA and Navajo County.

Mavajo County attempted to minimize the flooding problems along
the Tittle Colorado River by congtructing an earthen levee from
the ATSFRR to approximately one-quarter mile north of McHood

Drive near Mmes Acres. This levee was overtopped and breached
at scveral lecations during a major flood in December 1978
(Reference 25). B new levee was constructed by Navajo County in

1989 with assistance from the ADWR. Rock riprap was placed along
several short sections of the Jlevee to protect the earthen
embankment from erosion. Rased on improvements completed in
1991, this levee was recognized as providing 100—year flood
protection.

No flood-contrel measures exist or are planned for the portions
of Show Tow Creek and Oklahoma Flat braw or for Ruby Wash within
the unincorporated areas of Navajo County included in this
study.

Hydrologic Analyses

The same discharges that were generated for the 1981 FIS
(Reference 17) for the Little Colorade River at Winslow were
used in this study because little change has been reported in
the upstream watershed. The peak flows are presented in the
Summary of Discharges table (lable 1).

Because of the absence of historical gaging data in the study
area, the peak flows uscd for Ruby Wash in this study were
obtained through hydrologic modeling. The hydrolegic modeling
was performed by . using the HEC-1 computer program
{Reference 26). The model utilizes a standard SC8 Type II
rainfall distribution for a 24-hour duration storm. Total
rainfall depths were taken from the National Oceanic and
Atmospheric Administration (NOAR) Atlas published for Arizona
{Refercnce 27)., Initial abstraction and lasses were bhased upon
the SCS curve number method. Curve numbers were estimated by
weighted method on the basis of the soil information provided in
Reference 2.

The zrunoff hydrographs were computed using the SCS unil
hydrograph. The computed runoff hydrographs were then routed
from wvarious peoints in the watershed to the outlel by the
kinematic wave method. Reservolr routing through fully
characterized outflow structures such as culverts and weirs was
performed by input of appropriate reservoir
area-volume-elevation data into the model. Flevations and
surface areas used in the model were based upon either the
“as-built” documents obtained from the ADCT for the
State Highway 87 and I-40, or the 1:4,800, -4-foot contour
interval mapping flown for this project in 1989 (Reference 32).
The 100-year peak flows al various locations in the study area
are presented in the Summary of Discharges table (Table 1).

A USGS gaging station (Gaging Station 09-390500) is located on
Show Low Creek. However, the station could not provide adeguate
peak flow informatien for this study because it is located
approximately © miles upstream of the northern study limits.
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Therefore, Lhe peak flows used in this study were obtained
through hydrologic medeling.

For Show Tow Creek, the hydrologic modeling was performed by

means of the HEC—1 computer program (Reference 26). The
hydrographs from various watersheds were first routed to the
lacation of Gaging Station 09-350300. The ordinates of the

resulting hydrograph were then adjusted proportionally according
ta the ratio of the peak flow obtained from gaging records, by
means of the log-Pearson Type III method, to the peak flow
derived from moedeling. Finally, the adjusted resulting
hydrograph was used as the inflow hydrograph and was routed
through Show Low Lake to the City of Show Low's scouthern
corporate limit.

The SCS Type II rainfall distribution was used as the rainfall
input of the model. Preccipitation values for the 100-year,
24-heour storm were obtained from the NOAA Atlas for Arizona
(Reference 27). The stage—storage—discharge curves for each
retenticn structure in the watershed were adopted from a dam
safety study repert prepared for Jaques Dam (Reference 28) .
Spillway crest elevation values were used to set the initial

storage volume for each of Lhese structures. The runoff curve
numbers were derived from the soil and vegetation cover
information provided by the U.S. Forest Service (USFS)

(Refecrences 29 and 30).

Gaging data were obtained from the  USGS for Gagiling
Station 09-390500, which is located o¢n Show Low Creek near
Lakeside. 'This sbtation has been in continucus service from May
1953 to the present. The annual peak flow for each of these
years was recorded and tabulated. The log—Pearson Type TII1
method was used to cstimate the 100-year flcod alL the gaging
station. The 100—year peak flows at various locations in the
study area are presented in the Summary of Discharges table
{Table 1).

For Oklahoma Flat Draw, in the absence of historical gaging data
in the study area, the peak flows used in this study were
obtained through hydrologic modeling. The hydrologic modeling
was performed using the HEC—1 computer program (Refercnce 26).
SCS Type II rainfall distribution was used as the rainfall input
ol the model. Precipitation wvalues for the 1C00—year, 24-hour
storm  were obtained from  the NOAA  Atlas for Arizona
(Reference 27). The runoff curve numbers were derived from the
soil and vegetation cover information provided by fthe DSFS
{(References 29 and 30).

The runoff hydrographs were computed by use of the 8CS8 unit
hydrograph. The computed runoff hydrographs were then routed
from various points in the watershed to the outlet by the

kinematic wave methed, Reservoir routing through fully
characterized outflow structures such as culverts and weirs was
performed by input of appropriate reservoir

area-volume-elevation data into the model.
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Elevations and surface areas used in the model were based either
upon the as—built documents cbtained from the ADOT for the
SH 260, or the 1:4,800, d4—foot contour interval mapping flown
fer this project in 1989 (Reference 31). The L160—year peak
flows at various leocations in the study area are presented in
the Summary of Discharges table (Table 1).

Hydraulic Analysis

A hydraulic analysis for the 100-year flew along the Little
Colorade River, Ruby Wash, Show Low Creck, and Oklahoma Flat
Draw was performed by AGK. The mapping generated by Cooper
Berial of FPhoenix, Inc., for the Little Colorade River
{Rceference 33), Ruby Wash {(Reference 32), Show Low Creek
(Reference 34), and Oklahoma Flat DPraw (Reference 31) and the
HEC—2 computer data gyenerated by AGK were utilized to determine
flood limils. Cross-sectlon data for the backwater analyses of
the Little Colorade River, Ruby Wash, Show Low Creek, and
Cklahoma Flat Draw were determined by obtaining digitized cross

sections from Cooper Aerial (References 31 through 34). WSELs
for the 100-year flaood were computed using the USACE HEC-2 Step
Backwater Computer Program (Reference 35). The relevant WSEL

from the 1981 FIS for the City of Winslow (Refercncc 17) was
used as the starting WSEL for the Little Colorade River.
Critical depth was uscd as the starting WSEL for Ruby Wash, Show
Low Creek, and ©Oklahoma Flat Draw. Channel and overbank
roughness (Manning’s “n”) factors used in the hydraulic
computations were chosen by engineering judgment and based oun
field observation of the streams and floodplain areas.

The channel and overbank “n” values for the studied streams are
shown in the table below:

Channel Overbank
Little Colorado River 0.023 to 0.077 0 035 to D.125
Ruby Wash 0.025 to 0.035 0.030 to 0.08BO0
Show Low Creek 0.020 to 0.040%* 0.035 to 0.080
Oklahoma Flat Draw 0.025% to 0.050 0.050 to 0.080

*A value of 0.015 was used for the Manning's “n” of the concrete
spillway of Jagques Dam.

Floodplain Boundaries

Floodplain boundaries were delineated in the detailed study
reach of the Little Coloradoe River, Ruby Wash, Show Low Creek,
and Oklahoma Flat Draw using topoegrapbic maps at a scale of
1:4,800, with a contour interval of 4 feet (References 31
through 34).

The fleoodway presentéd in this study was computed on thc basis
af ermual conveyance reduction from each side of the floodplain.
The floodway information is tabulated in the Floodway Data
tables ([Table 3). I'loodways in areas of c¢ritical flow were
determined so that a maximum rise of 1 foot occurred in the
energy grade line.
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9.3

Other Studies

The informaticn for the study reach of the Little Ceclcrado River
supersedes the data presented in the previous FIS for the City
of Winslow dated March 16, 1981 {Reference 17}. In addition,
the information for the study reach of Show Low Creek supersedes
the data presented in the previcus FI5 for the unincorporated
areas of Navajo County 'dated December 1, 1581 (Reference 38).
The discharges used in the study of Show Tow Creek flooding in
Nawvajo County were computed using more recent data and therefore
were higher than those used in the study of the lower reach
through the City of Show Low.

Corrections to historical floodflow data for the Little Coloradoe
River and to the hydrologic data for Silver Cresk, as ldentified
by the ADWR, have been added to Secticns 2.3 and 3.0 of the
original text with this updale.

Third Revision

This study was revised on March 2, 1994, to incorporate the
effects of new hydrologic and hydraulic analyses for Silver
Creek.

The new hydrologic analyses were based on a study prepared by
Kamineki—Hubbard Enginccring, Inc. ({(KHE), that uscd the USACE
HEC—1 computer model. The HEC—1 model included the effects of
physical changes such as a dam, reservoir, and diversion
structures that werc constracted since the original FIS was
completed. The struactures included were Schoens Dam, the Millet
Swale retention area, the Crtega Lake diversion system, and the
Rocky BArroyc Wash diversion system into Long Lake.

The USACE HEC—2 computer .anedel was utilized by KHE £for the
hydraulic analyses for Silver Creek. Although the revised
hydraulic analyses included the 10—, 50—, 100—, and 500-year
recurrence interval floods, only a revised 100-year floodplain
and floodway were mapped. The effective 500-—vear floodplain
boundaries were deleted in the revision area because revised
boundaries based on the lower discharge were not developed. As
a result of the hydrologic and hydraulic analyses, the peak
discharges and BFEs decreased, and the 100-year flocdway and
floodplain boundaries changed.

The floodway and floodplain boundaries were delineated using
topographic maps prepared by KHE at a scale of 1:4,800, wiih a
contour interval of 2 feet.

The Summary of Discharges table, Floodway Data table, and Flood
Profile panels for Silver Creek were revised as a result of
these analyses. In &additien, the Floodway Data Table and Flood
Profile Panels 24P through Z28F were revised to show the correct
stream distances along Silver Creek.

As a result of this revision, the flooding shown between Cross
Sections A and N on the previous FIRM no longer affects Navajo
County. Therefere, part of the flooding shown on FIRM
Panel 2206, part of Flood Profile Panel 22P, all of Flood
Prafile Fanel 23P, and the [Floodway Data Table from Cross
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Section A to Cross Section N were deleted. The FIS and FIRM for
the Towns of Snowflzke and Taylor were alsc revised ta reflect
these changes.

Fourth Revision

This study was revised on June 5, 1997, to incorporate certain
flooding information for Buckskin Wash. A reach of approximately
1.8 miles of Bucksin Wash, from RM 1.6 near the City of Heber to
EM 3.4, was studied by detailed methods.

The hydrelegic and hydraulic analyses for this study were
prepared by Ensign & Bucklcy Consulting Engineers, the 5C, for
FEMA, under Contract EMW-30-C-9133. The work was completed in
May 1993,

On February 25, 18%2, an initial CCO meeting was held with
representatives ol Navajo County, the ADWR, FEMA, and the SC,.
The stream to be studied and the limits of study were identified
at the meeting. Available mapping, previous studies, and other
data were also discussed.

During the preparation of the study, telephone discussions were
held between the SC and representatives of Navajo County and the
Statec of Arizona.

The 100—year flood dischargce was determined by the same method
used for Buckskin Wash in the March 2, 1994, FIS (Reference 39).
This method consisted of the regional regression formula, as
developed by the USGS for the ADOT (Refcrence 5). The formula
is as follows:

Oyop = 553A761 x g71-73 x po.91s

Where A = Area in square miles
E = Elevation factor in thousands of feet
P = Mean annual precipitation in inches

Thc area and elevation factors were determined from <the USGS
7.5-Minute Series Topographic Maps feor the area {(Reference 14).
The precipitation factor was estimated based on data used as
input for the effective FIS dated March 2, 1994, The adcpted
study discharge is shown in Table 1, Summaery of Discharges.

Channel and overbank cross sections were digitized from the
aerial photogrametric survey conducted for this study
(Reference 40)

W3SELs were computed through Lhe use of the USACE HEC-2 computer
pragram (Reference 41}

Manning's “n” roughness values were estimated based on field
observations and USACE and USGS criteria (References 36 and 42).
The channel roughness values used varied hetween 0.03 and 0.05
for the natural earth channel. Overbank roughness wvalues used
ranged from 0.045 to 0.66.

The starting WSEL was set egqual to the WSEL in the effective [IS
at the upstream limit of study.
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Supercritical flow conditions can occur in some channel rsaches.
Whenever supercrikical flow occurs, the profiles were computed
based on critical depths.

Floodplain and floodway boundaries were delineated using
topographic maps at a scale of 1:2,400, with 2z-foot contour
intervals {(Reference 43}

Where possible, the floodways presented in this study were
computed for certain stream segments on the basls of equal
conveyance reduction from cach side of the floodplain. However,
this could not be achieved at all times because of channel
section configuration and high velocities and supercritical

flows. As a  result, floodway boundaries were Dbased on
encroachment analyses that limited both the maximum use in WSFT.s
and energy grade line to 1 foot. Channel velocities exceeded

potential erosive magnitudes of 7 to 11 feet per second aleng
approximately half the length of stream studied. At several
locations, the natural c¢hannel banks govern the floodway
encroachment.

The study for this revision is in agreement with the March 2,
1994, FI3 for Navajo County.

Fifth Revision

This study was revised on November 19, 2003, to incorporate new
flood hazard informaticn for Lower Silver Creek and Upper Silver
Creek (formerly Silver Creek), Rocky Arroyo, White Mountain
Lake, and Mexican Lake within Navajo County. The c¢orporate
limits were alsc updated for the county. The hydrologic
analyses for all the revised reaches, with the exception of the
Megican/White Mountain Lake System, were adopted from the
“gilver Creek Drainage Study” prepared for Navajo County by KHE
(Reference 44). The hydrclogic analysis for the Mexican/White
Mcuntain Lake S8ystem incorporated a new zrating curve and
reserveir routing based on more accurate topographic data

included in the HBEC-1 model prepared by KHE. The hydraulic
analyses were performed by Tetra Tech, Inc. (formerly ASL
Consulting Engineers), for Wavajo County under Project Order
No. 2343-0001 (Reference 45). This study was completed in

August 2000 and submitted to FEMA.

The peak discharges were established using the HEC-1 hydrelogic
computer model developed by the USACE (Reference 47).

Lower Silver Creek was restudied from approximately 21,300 feet
upstreamn to approximately 22,000 feet upstream of Willow Lane
and from approximately 23,100 feet wupstream of Willow Lane to
approximately 100 feet dawnstream of the confluence with Show
Low Creek. BFEs, fleoodplain boundary delineations, and
regulatory floodway  boundary  delineations inercased  and
decreased along the revised rcach.

Upper Silver Creek was studied from the confluence with White
Mountain Lake to approximately 16,000 feet upstream. Bourdon
Ranch Koad, BFEs, and a regulatory flecodway from approximately
10,900 feet upstream to approximately 16,000 feet upstream of
the confluence with White Mountain Lake were added along the
revised rcach.
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Mexican/White Mountain Lakes Outlet was studied from the
confluence af Mexican Lake Outlet and Silwver Creek to
approximately 8,000 feet upstream.

Rocky Arroyo was studied from White Mountain Lake to
approximately 5,200 feet upstream, where it meets State land.
BFEs were added, and the floodplain boundary delineations
increased and decreased aleng the revised reach.

In addition, =several FIRMs for MNavaje County, Arizona, were
converted to the Map Initlablves format. The following effective
FIRM panels were converted to the Map Initiatives format:
2204 C, 2208 C, 2212 ¢C, 2216 C, 2218 C, 2225 C, 2350 C, and

2375 C. In the Map Initiatives format, all BFEs, cross
sections, and floadplain and floodway boundaries are shown on
the FIRM. The floed insurance zone designations were changed to

reflect the Map Initiatives format. Areas previously shown as
numbered Zone A zones were revised to Zone MAE, Zone B was
revised to Zonc X {shaded), and Zone C was revised to
Zone X (unshaded). For flood insurance rating purposes, flood
insurance zone designations are assigned te a community based on
the results of the engineering analyses. These zones are as
follows:

Zone AE

Zone AE is a flood insurance rate zone that corresponds to
the 100-year floodplains that are determined in the FI1I5 by
detailed methods. Whole-foot BFEs derived from the
detailed hydraulic analyses are shown at selected
intervals within this zone.

Zone X

Zone X is the flood insurance rate zone that corresponds
to areas outside the 5C0-year floodplain, areas within the
500-year floodplain}”"areas of 100-year f{looding where
average depths axe’ less than 1 foot, areas of 1l00-year
flooding where the contributing drainage area is less than
1 sguare mile, and areas protected from the 100-year flood
by levees. No BFEs or depths are shown within this zone.

The Flood Insurance Zone Data Table was removed from the FIS
report, and all zone designaticons and reach determinations were
removed from all Flood Profile panels for the revised reaches of
Lower and Upper Silver Creeks.

T"his revision also includes new FIRM Panels 2219 C, 2332 C, and
2351 C.

Drainage-basin delineations for Lower Silver Creek, Upper Silver
Creek, and Rocky Arroyo Creek were made using 1”=200' scale
topographic mapping with 2-foot contour intervals, provided by
Mavajo County, supplemented with USGS 7.5-minule guadrangle maps
{Refecrences 48 and 49). Drainage-basin delineatiocns [for the
Mexican/White Mountain Lake area were made using 17-200' scale
topegraphic mapping with l-foot contour intervals (References 48
and 50).
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The WSELs werce computed using the USACE HEC-RAS computer program
(Reference 46}). The Lower Silver Creek starting WSEL was
established from thec 1994 FIS for the unincorporated areas of
Navajo County. The Upper Silver Creek and Rocky Arroyo Creek
starting WSELs were established from the static WSEL of White
Mcuntain Lake. The starting WSEL for the Mexican/White Mountain
Lake Outlet System was determined by using critical depth at the
confluence of Lower Silver Creek and peak flow from the KHE

report. Supercritical [low regimes were used in the HEC-RAS
hydraulic models for Mexican/White Mountain Lake oQutlet and
Rocky Arroyso. However, critical depth was not mapped for these

two revised reaches.

Channel and overbank cross sections were determined from Navajo
County 200-foot, horizontal scale topographic mapping with
2-foot contour intervals (Reference 10); field measurements; and
as-built drawings of channels and structures. Bridges and
culverts were medeled according to their configurations.

Estimates for roughness coefficients (Manning’'s “n” wvaluca) were
determined from site wvisits to the study area. The channel
roughness values used for Lower Silver Creek varied between
6.027 and 0.045% for earthen <channels and was (.015 for
concrete-lined sections of channels at bridge crossings.
Overbank roughness wvalues ranged from 0.04 to 0.05. The channcl
roughness values used for Upper Silver Creek varied between
0.025 and 0.11 for earthen channels. Overbank roughness wvalues
ranged from 0.06 to 0.125. The roughness coefficients used for
the Mexican/White Mountain Lake Outlet varied between 0.018 and
0.0653, while the overbank roughness values varied bhetween 0,065
and 0,072, The channel roughness values used for Rocky Arroyo
Creek varied between 0.055 and 0.08. Overbank roughness values
ranged from 0.055 to 0.08.

Contracticn and expansion coefficients of 0.1 and 0.3 were used
for open-channel sections. Contraction coefficients of €.3 to
0.5 were used at culverts and bridges, depending on the
configuration.

Analyses of the hydraulic characteristics of flooding from the
sources studied were performed to provide estimates of the
elevations of floods of the selected recurrence intervals.
Users should be aware that flood elevations shown on the FIRM
represent rounded whole-foot elevations and may not exactly
reflect the elevations shown on the Flood Profiles or in the
Floodway Data tables in the FIS report. Flood elevations shown
on the FIRM are primarily intended for flood insurance rating
purposes. For censtruction and/or fleodplain management
purposes, users are cautlioned to use the flood elevation data
presented in this FIS in conjunction with the data shown on the
FIRM. '

The hydraulic analyses for this study were bascd on unobstructed
flow, The fleood elevations shown on the profiles are thus
considered valid only if hydraulic structures remain
uncbstructed, operate properly, and do not fail.

30



As a result of this restudy, Table 1, Summary of Discharges, flor
detailed-study streams, has been revised. 1In addition, Table 3,
Fioodway Data, and the Flood Profiles (Exhibit 1) for the
above-mentioned flooding sources have either been revised or
added.

All elevations are rcfecrenced to the NEVD. ERMs and their
descriptions are shown on the maps. ERMs shown on the FIRM
represent those used during the preparation of this and previous
FISs. The elevations associated with each ERM were cbtained
and/or develeoped during FIS production to establish vertical
control for determination of flood elevations and flocdplain

boundaries shown on the FIRM. Users should be aware that these
ERM elevations may have changed since the publication of thisg
FIS. To obtain up-to—date elevation information on National

Geodetic Survey (NGS) FRMs shown on Lhis map, pleasc contact the
Information Services Branch of the NGS at (301} 713-3242, or
visit their website at www.ngs.noaa.gov. Map users should seek
verification of non-NGS ERM monument elevalions when using these
elevations for construction or floodplain management purpocses.

The NFIP encourages State and local governments to adopt sound
floodplain management programs. To assist in this endeavor,
each FIS provides 100-year floodplain data, which may include a
combination of the following: 10—, 50-, 100-, and 500~year
flood elevations; delineations of the 100-year and 500-year
floodplains; and  100-year floodway. This information isg
presented on the FIRM and in many components of the FIS,
including Flood Profiles, Floodway Data tables and Summary of
Stillwater Flevation tables. Users should reference the data
presented in the FIS as well as additicnal information that may
be available at the local community map reposlitory bcfore making
flood elevation and/or floodplain boundary determinations.
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